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SECTION I SUMMARY 


A transonic wind tunel test was performed in the Calspan Cor- 
poration 8-Foot Transoni-. Wind Tunnel on a missile model with tail fins 
in the presence of a si~.ulated jet plume. The test was conducted 
during February, 1974. 


The purpose of the test was to establish a correlation between 
the thrust level and missile longitudinal stability, and to assess the 
effectiveness of locating stabilizing fins forward of the model base as 
a means of alleviating adverse plume effects. This was the second 
series of tests performed with this model at Calspan. The results of 
the earlier test, which also included a canard effectiveness study, are 


veported in Reference l. 


The test was conducted cver a Mach number range from .40 
to 1.25 at a condition corresponding to a wind-off static pressure of 
.5 atmospheres. Model angle of attack was varied from -4 to 12 


degrees. 


Four sets of tail fins were tested at three different longitudi- 
nal positions on the afterbody. One of these had already been partially 
investigated during the tests reported in Reference 1. The tests were 
made with the afterbody rotated 0 and -45 degrees with respect to the 
remainder of the model. Jet plume shapes were varied by changing 


the plume simulator chamber pressure. 


Details of the flow around the tail fins and afterbody were 


recorded using a schlieren system. 


This report presents details of the test program and the results 


in tabular form. 
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SECTION Il TEST EQUIPMENT 


Model 


The model was designed and built by Calspan for the Army 
Missile Command, Huntsville, Alabama for the test reported on in 
Reference l. Three new sets of 4 tail fins each were built for the 
present test. These fins were all of rectangular planform: dimensions 


for each set are given in Section III -- Configuration Symbols. 


The pointed 3-caliber tangent ogive nose was installed on the 
52-inch long, 5-inch diameter model. One set of tail fins (F) from 
the previous test was also available. The tail fins could be pcsitioned 
in three different longitudinal positions and the complete afterbody 
assembly could be rotated 45 degrees counterclockwise with respect 
to the rest of the model. The normal jet plume simulator was located 
onthe sting, 2.5 inches behind the base of the model. No canards 


were installed. 


No boundary layer transition strips were attached to the model, 
which was sting-mounted as shown in the model photographs (Figure 1) 
and the installation drawing (Figure 2). A model assembly drawing 


is presented in Figure 3. 


Instrumentation 


Model forces and moments were measured with the 2-inch 


TASK MK XIXB 6-component strain gage balance. 


Normal force, hinge moment and bending moment data on each 
of the tail fins were measured with individual 3-component strain gage 
balances, which could be installed in each of the 3 longitudinal tail fin 


positions. 


Electrolytic potentiometers were installed inside the model to 
level the model in pitch and roll. Model attitud<s were set with an 


inclinometer inside the model, with electrolytic potentiometers 
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SECTION II TEST EQUIPMENT (CONT. ) 


Instrumentation - continued 


attached to the sting supporting the model, or with potentiometers 


coupled to the vertical strut pitch mechanism. 


A TV camera was mounted in the test section to monitor the 
model from the control room during testing. The schlieren system 
was installed to observe shock patterns at the base of the model. 
Another TV camera was used to project these patterns on a screen 
in the control room, which could then be recorded by a movie camera 


installed in front of this screen. 


Static pressures were recorded inside the balance cavity (one 
orifice) and at the base of the model (2 orifices) as shown in Figure 3. 
These pressures were measured by individual differential pressure 
transducers in a Scanivalve module located in a box attached to the 
pod of the vertical strut pitch mechanism. The same box contained 
the absolute pressure transducer with which the plume simulator 


pressure was measur ed. 


The air necessary to operate the plume simulator was supplied 
from a storage farm. The amount of air delivered was measured 
according to ASME procedures using a thin plate orifice with a 
thermocouple and an absolute pressure transducer upstream from 
the orifice plate and a differential pressure transducer measuring the 


pressure drop across the orifice plate. 


All instrumentation outputs were connected and displayed on 
automatic digital readouts inthe control room. These data were then 
automatically recorded on magnetic tape and subsequently reduced to 
the requested final data format using an electronic computer. A com- 
plete description of the Calspan 8-Foot Transonic Wind Tunnel, its 


capabilities, operation procedures, model attitude and data recording 


systems, is presented in Reference 2. 


Report No. AA-4017-W-11 


SECTION III NOMENCLATURE AND SYMBOLS 


The following nomenclature is used throughout this report: 


Tunnel Operating Conditions 


Free-stream static pressure - pounds per square foot 


SOE 8 SORT ROPE aT LE OT REIT I: TM RTE NEES DY AT FEE PAE oP ECP PN 


Pp 
H Free-stream total pressure - pounds per square foot 
i 
M Nominal] free-stream Mach number 1/2 | 
fon ie 
M. Computed free-stream Mach number = s(-2) - s| | 
To Free-stream total temperature - degrees Rankine | 
T Free-stream static temperature - degrees Rankine 
Ne 
=T,(1+.2M. ) 
| q Free-stream dynamic pressure - pounds per square foot 
_ 2 
=. 7pM | 
Vv Free-stream velocity - feet per second = 49. 01 M, v > 
N Reynolds number per foot = 1.2327 pM ven 
R c Te | 
| 
Model Angles and Reference Dimensions 
a, Model angle of attack with respect to the model center- 
line - degrees 
Aa, Local flow angle - degrees. The following values were 
used: M ar 
40 - .70 
70 chet) 
- 90 -~ .42 
1.00 - .30 
1.20 = 423 
25 oc 


so cE OE Og 
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SECTION Il NOMENCLATURE AND SYMBOLS (CONT.) 


Model Angles and Reference Dimensions - continued 


c Model angle of attack corrected for local flow angularity 


a Aa, degrees 


c) Model roll angle - degrees. Positive clockwise. 
>, Roll angle of the model tail assembly with respect to 


rest of the model ~ degrees. Positive clockwise. 


S Model reference area = 0. 1363715 square feet 
€ Model reference length = 5.0 inches 

S. Balance cavity area = 0. 04909374 square feet 
S), Model base area = 0. 0872776 square feet 


Model Pressures and Pressure Coefficients 


P. Balance cavity pressure - pounds per square foot 
| Seema 5 
S Balance cavity pressure coefficient = 
c 
Ph’ Pp, Model base pressures - pounds per square foot 
Py =P Ps -p 
1 2 
Cc » Cc Model base pressure coefficients = ———— ,; ——-—-—- 
Py Py q q 


Forces and Moments - Body Axis System 


N Normal force - pounds 

m Pitching moment - inch-pounds 
Y Side force - pounds 

n Yawing moment - inch-pounds 
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S2CTION II NOMENCLATURE AND SYMBOLS (CONT. ) 


forces and Moments - Body Axis System - continued 


é Rolling moment - inch-pounds 
A Axial force - pounds 
N 
Cy Normal force coefficient = qS 
pels 
Ca Pitching moment coefficient = qSc 
Cc. Side force coefficient = a 
qS 
Cc Yawing moment coefficient = — 
n qSc 
: ee eee 
C, Rolling moment coefficient = qSe 
: Se Be 2 
Ca Axial force coefficient =—= 
u aS 
4 
AC, Incremental axial force coefficient due to balance cavity 
c { 
Sc ; 
Cc P. : 
pressure effects = S 
AC, Incremental axial force coefficient due to model base pressure 
2 S.C. “£6 
b p 
b b 
ffects = : g | 
: 28 ) 
CA Axial force coefficient corrected for balance cavity and 


model base pressure effects = “A, + eA + ae 


Forces and Moments - Tail Fins 


NOTE: The subscript x in the following definitions identifies the 


tail fin location as shown in Figure 4b. x = 1 through 4. 


N Normal force - pounds 
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SECTION Ui NOMENCLATURE AND SYMBOLS (CONT. ) 


Forces and Moments - Tail Fins - continued 


HM, Hinge moment - inch-pounds 
x 
BM, Bending moment - inch-pounds 
gs N, 
T 
Cc Normal force coefficient = x 
Ny qs 
x 
fears 
°HM., Hinge moment coefficient = qSe 
x Rw 
: ioe = x 
BM, Bending moment coefficient = qse 
x 
CPX. Chordwise center of pressure location - inches from the 
i 
hinge line, positive toward the leading edge. See Figure 4b. 
HM, 
i x 
NG 
x 
CPY,,. Spanwise center of pressure location - inches from the 
x 
BM 


a8 
balance centerline = N x’ See Figure 4b. 


Parameters Pertaining to the Thrust Effect Study 


P. Plume simulator chamber pressure - pounds per square 
inch 
Py Air supply pressure upstream of the orifice plate - 


pounds per square inch 


WwW Air supplied to the plume simulator - pounds per second 
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SECTION HI NOMENCLATURE AND SYMBOLS (CONT. ) 


Parameters Pertaining to the Thrust Effect Study - continued 


| 
| 
| 


An Plume simulator total normal jet exit area 
J 
= 0.00818229 square feet 
M; Plume simulator jet Mach number = 1.0 (sonic) 
CRT Radial thrust coefficient 


S 


A 2 \ 
( Ns) fe 0752 p, (1.4M0 +1) - p 


} 


Configuration Symbols 


B Body, includes sharp nose N, 


Fy Tail fins with 5 inch chord and 2.5 inch semi-span., 
Calspan Ref. Dwg. W19-1316-2. 

Fo Tail fins with 3 inch chord and 2.5 inch semi-span. 
Calspan Ref. Dwg. W19-1321-1. 

F3 Tail fins with 3 inch chord and 2.0 inch semi-span. 
Calspan Ref. Dwg. W19-1321-2. 

Fy Tail fins with 3 inch chord, 2.5 inch seini-span and 
a.25 inch gap between the fuselage and the root chord. 
Calspan Ref. Dwg. W19-1321-3. 
Tail fin positions: 

Aft Hinge line at M.S. 49.750 


Mid Hinge line at M.S. 46.000 


Fwd Hinge line at M.S. 42.250 


ACU a 
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SECTION IV TEST PROCEDURE 


Calibrations 


The TASK MK XIXB six-compenent strain gage balance and the 
three-component tail fin balances were calibrated prior to testing 
according to the procedures described in Reference 3. Data from 
these calibrations were used to obtain balance matrices. Check loads 
were applied to all balance systems upon completion of the model 
assembly and again upon installation of the model in the test section. 
Applied and calculated results of all check loads agreed within 1/2 per 


cent of full scale balance design loads. 


Deflection characteristics of the sting support system were also 
determined during the static balance calibration. No deflection char- 


acteristics for the tail fin balance support systems were determined. 


All pressure transducers were calibrated prior to testing 


according to the procedure described in Reference 4. 


The potentiometers in the roll mechanism and vertical strut 
pitch mechanism were calibrated after installation of the model in the 
test section. The inclinometer and the various model attitude electro- 
lytic potentiometers inside the model and on the model support sting 
were also calibrated in the tunnel prior to testing, using a leveling 


plate which could be attached to the top of the model. 


The relationship between the pressure in the air supply line 
upstream of the orifice plate and the pressure in the plume simulator 
had been determined during the Reference 1 test series. A verifica- 
tion of this relationship was made prior to the present test series and 


no further calibrations were necessary. 


The results of all calibrations and check loads are on file at 


Calspan. 
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SECTION IV TEST PROCEDURE (CONT. ) 


Operation 


The test consisted of 251 wind-on runs conducted over a Mach 


a ea TOT EET Lae Te NI Lee IU TNT NT Se ee FES Sere 


number range from .40 to 1.25. The test conditions were governed 
by a wind-off static pressure of .5 atmosphere 12 the tunnel circuit. 
The maximum model angle of attack range was from -4 to 12 degrees 
while radial thrust coefficients (CRI) were varied from 0 to 37. 5. 
Model attitude was varied during a run b )lding Mach number and CRT 


constant. 


A total of four sets of fins, consisting of four fins per set, 
were tested in three different longitudinal positions. The majority of 
runs were made with the fins in the horizontai and vertical planes 
(+ configuration). However, a few runs were made in the X configura- 
tion, accomplished by rotating the model afterbody assembly containing 
the fins, *5 degrees counterclockwise. The schlieren system was 
installed in the tunnel and covered the base of the model. Schlieren 
photographs were obtained at various times during the test. Movies 
of the schlieren patterns displayed on the TV screen in the control 
room were also obtained. One configuration was tested with the model 
rolled 180 degrees for reasons explained in Section VI. A detailed 


run schedule is presented in Table I. 


Wind-oft balance zero shifts were recorded after each run or 
group of runs. No runs were repeated due to excessive zero shifts 


although these did occur. (See Sections VI and VI. ) 


The main balance was leveled using the electrolytic potentiometers 
for pitch and roll inside the model. Model attitudes were set with any 
one of the three availabie systems: the electrolytic potentiometers 
attached to the model support sting, the potentiometer in the vertical 
strut pitch mechanism, or the inclinometer inside the model. Mcdel 
attitudes were computed from each system and good agreement between 


each was obtained in general. 


The test sponsor was represented by Mr. J. Henderson. 


| 
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SECTION V PRESENTATION OF DATA 


A run schedule showing the configurations tested and the nom- 
inal test conditions for each run is presented in Table L The corre- 
sponding actual operating conditions for each data point are listed in 
Table I. 


The model aerodynamic data were resolved in the body axis 
system with the origin located at model station 26. 500 on the model 
centerline. The aerodynamic data from the tail fin balances were 
resolved in individual axis systems, having origins located at the inter- 
secrion of the tail fin hinge lines and the balance centerlines. The axis 


systems and sign conventions are shown in Figure 4. 


Model force and moment coefficients in the body axis system 
are listed in Table III. Balance cavity and model vase pressure 
coefficients, together with the corresponding incremental axial force 
coefficients, are presented in Table IV. Tail fin force and moment 
coefficients are tabulated in Table V, while radial thrust coefficients 
and associated parameters are listed in Table VI. Certain corrections 


have been applied to the data as discribed in Section VL 


Upon completion of the test, all preliminary data were trans- 
ferred to magnetic tapes of the Dataman format for plotting by the 
Chrysler Corporation, Space Division, New Orleans, La. For this 


reason, no graphical data are presented in this report. 


Schlieren photographs were obtained at various times during 
the test. Movies of the TV screen inthe control room, displaying 
the Schlieren patterns, were also ottained at times. None of this 


material has been reproduced in this report. 


Copies of the preliminary test results, model configuration 
and schlieren photographs, schlieren movies, and magnetic tapes 
with preliminary test results, were transmitted to the test sponsor 


prior to publication of this report. 


l2 
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SECTION VI CORRECTIONS TO DATA 


Wind Tunnel! Corrections 


No corrections of any kind have been applied to the data con- 
tained in this report to account for wind tunnel wall effects. Within 
the limitations of accuracy af theoretical computations, the blockage 
and jet boundary corrections usually applied to subsonic data from 
solid wall tunnels are believed to be uwegligible in this perforated wall 
transonic wind tunnel. Above a Macli number of one, the perforated 
walls are effective in attenuating shock and expansion waves emanating 
from the model, thus reducing the effect of reflections from the walls. 
Although complete attenuation is not obtained, experience has indicated 
that in general the effect of residual reflections is negligible on a model 
of this size, except perhaps on the drag component, when some inter- 
ference may be expected in the Mach number region around 1.05. Some 
experimental substantiation for this beiief, together with a discussion 
of some of these corrections and a bibliography covering theoretical 


aspects of the problem are presented in Reference 5. 


No buoyancy correction was m-de to axial force, as the clear 
tunnel pressure gradients in the vicinity of the model have been found 
to be negligible throughout the Mach number +: nge, Results of some 
recent studies of wall effects and blockage, along with the Calspan 
Corporation 8-Foot Transonic Tunnel calibration data are presented 


in Reference 6. 
Balance Corrections 


The strain gage readings of the 2.0 inch TASK MK XIX B 
balance and the four tail fin balances were corrected for mechanical 
interactions present in these balances. These correction factors 
were obtained during the static balance calibrations as described in 


Reference 3. 


The strain gage readings of the TASK balance were also 


affected by changes in the model weight components as the model 
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SECTION VI CORRECTIONS TO DATA (CONT. ) 


Balance Corrections - continued 


attitude was varied. Corrections for these static tare effects were 
determined at wind-off conditions and were then applied to the wind-on 
data to obtain net aerodynamic loads. Static tare effects on the four 
tail fin balances due to angle of attack changes were well within the 
balance accuracies and were therefore ignored. Static tare effects 
due to model roll orientation were accounted for by adjusting the wind- 
off zero shifts produced by the change in roll attitude prior to the 


start of the run. 


The measured axial force was corrected for balance cavity 


and base pressure effects to a condition corresponding to free-stream 


static pressure acting in the balance cavity and on the base of the model. 


Balance zero shifts occurred throughout the test program, 
although the operating procedures followed during the test were devised 
to keep them to a minimum. No satisfactory explanation for these 
zero shifts can be given since the balance was temperature compen- 
sated. Temperature variations during a run ran as high as 5 to 10 
degrees, while the variation over the complete Mach number range 
amounted to about 25 degrees. It may have been possible that the balance 
was incapable of handling such large temperature variations. Another 
possible explanation for these zero shifts may be that the maximum loads 
measured by the balance were so small compared to the overall balance 
capability that a loss of sensitivity was experienced. An effort was made 
upon completion of the test to pinpoint when, or over what time period, 
these zero shifts occurred in order io apply appropriate corrections. 
However, it was found that because of the irregular patterns in which 
these zero shifts were recorded and the drastic variations in plume 
simulator flow rates during a series of runs, an effective evaluation 
of the cause and occurrence of these shifts was impossible. The 


relatively large values often measured for the force and moment 


14 
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SECTION VI CORRECTIONS TO DATA (CONT. ) 


Balance Corrections - continued 


coefficients at a zero degree angle of attack may be ca:sed by '!: se 
zero shifts, although purely aerodynamic performanc.: may a!» be the 
reason. In order to evaluate there offsets from zer. of the 1::rodynamic 
coefficients, the effect of one meter unit of zero sift on any one par- 
ticular aerodynamic parameter at each Mach nurnber is «sbulated in 
coefficient form, (see Section VII). The different loc2tions of model 
and balance moment reference centers was n-t taken :rto consideration 
in this tabulation. Therefore, changes in nurmal force and side force 
coefficients will produce additional increments to pitching and yawing 


moment coefficients from those tabulated. 


The data from runs 56 through 59 and 63 through 66 was corrected 
for zero shifts in order to be able to determine the flow angularity correc- 


tions as accurately as possible. (See also Section VI - Angle Corrections. ) 


Angle Corrections 


The model geometric anyies were corrected for sting and bal- 


: 
| 
| 
| 
| 
| 
: 
| 


ance deflections due to aerodynamic loads. Values for these corrections 
were determined from the static loading calibration of the balance. 
No corrections for deflections due to aerodynamic loads were applied 


to the tail fins. 


A considerable difference was noted in the angle of attack at 
zero normal force between the present and previous test (Reference 1). 
Since the models for both tests were basically the same, it was con- 
cluded that one missing cooling radiator might be introducing a flcw 
angle inthe test section. ‘his was investigated by comparing the 
model data from a series of upright runs (56-59) and inverted runs 
(63-66). These data were corrected for balance zero shifts. The flow 
angularities thus determined resulted in good agreement with the data 


from Reference 1 when applied to the data from the present test. The 


[5 
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SECTION VI CORRECTIONS TO DATA (CONT.) 


Angle Corrections - continued 

flow angularity corrections were determined for one configuration only. 
In view of the origin of this flow disturbance, some flow curvature may 
have existed, which could have resulted in variations in moment 
coefficients with tailfin location and size. This possibi'ity was not 


investigated and the same flow angle correction was applied to all the 


data from this test 
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SECTION VII PRECISION OF DATA 


It is estimated that the model anyles, without flow angularity 


corrections, are accurate to + .05 degrees. 


A statistical determination of the accuracies of the strain gage 
balance systems used for this program was accomplished by calculating 
the root mean square deviation between applied and calculated loads. 
The calculated loads were determined by using final balance constants 
and the balance readings produced by known static loads. The following 


results were obtained. 


Max. Rated Calibration Root Mean Square 
Component Lead Load Deviation 


TASK 2.0 MK XIX 8 Balance 


Normal force - pour is +2400 +280 +, 37 


Pitching moment - inc h- pounds +8700 +1540 +. 66 
Side force - pounds +1200 +280 1.23 
Yawing moment - inch-pounds +3600 +§40 +. 42 
Rolling moment - inch-pounds +1600 +448 +. 33 
Axial force - pounds +200 +50 +. 04 


No. 1 Fin Balance 


Normal force - pounds +60 +60 +. 09 
Hinge moment -- inch-pounds +100 +60 +.14 
Bending mome:t - inch-pounds +100 +95 *#.11 


No. 2 Fin Balance 


Normal force - pounds +60 +60 +. 08 
Hinge moment - inch-pounds +100 +60 +,13 
Bending moment - inch-pounds +100 +95 +.13 


No. 3 Fin Balance 


Normal force - pounds +60 +60 +.09 
Hinge moment - inch-pounds +100 +60 eZ 


Bending moment - inch- pounds +.12 


Re & 
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SECTION VII PRECISION OF DATA (CONT. ) 


Max. Rated Calibration koot Mean Square 
Component Load Load Deviation 


No. 4 Fin Balance 


Normal force - pounds +60 +60 +. 08 
Hinge moment - inch-pounds £100 +60 +.12 
Bending moment - inch-pounds £100 +95 +.12 


The pressure transducers used to measure the balance cavity 
and model base pressures were calibrated to an accuracy of + 1 pound 
per square foot. The pressure transducers used to measure the pres- 
sure upstream of the orifice plate in the air supply line and in the pluine 
simulator were calibrated to an accuracy cf + 2 pounds per square inch. 
The pressure transducer used to measure the differential pressure across 
the orifice plate in the air supply line was calibrated to an accuracy of 


+ .15 pounds per square inch. 


No satisfactory method is known to determine the accuracy of 
the final coefficients. An estimate of the data repeatability is normally 
obtained from comparison of repeat points ina number of runs. How- 
ever, an insufficient number of repeat points were available from the 


present test to make such a study feasible. 


In view of the earlier discussed zero shift problem due to tem- 
perature effects and insufficient balance loading (see Section VI), the 
following tabulation is presented. It relates the effect of one meter unit 
of zero shift on a particular force or moment channel to a change in the 
corresponding coefficient. The calculation has been made for each Mach 
number because of the large differences in dynamic pressures. Similarly, 
the Root Mean Square Deviation between the applied and calculated loads 
of the balance calibration, has been presented in similar terms for 


comparison. 
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SECTION VII 
Mach No. 
Cy 
. 40 . 0247 
70 . 0094 
- 90 . 0065 
1.00 - 0059 
1.20 - 0050 
1.25 - 0048 
Mach No. 
Cn 
. 40 . 0052 
. 70 . 0020 
- 90 - 0014 
1.00 . 0012 
1.20 . 0010 
1.25 . 0010 
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PRECISION OF DATA (CONT. ) 


RMS Deviation In 
Coefficient Form 


Ce Cy Ch C, Ca 

-0088 .0153 0056 0044 #8 .0027 

-0033 .058 0021 0017 = .0010 
0023 =. 6041 0015 0012 # .0007 
0021 . 0037 0013 0011 . 0006 
0018 = .0031 0011 0009 = .0005 
0017) =. 9030 0011 0009 =. 0005 


4 Coefficient Due to 1 Meter Unit of 


Zero Shift 
oe Cy on Cc, CA 
. 0036 - 0028 .0016 -0019 - 0011 
0014 .0011 . 0006 . 0007 . 0004 
- 0010 . 0007 . 0004 0005 . 0003 
. 0009 . 0007 . 0004 O00 . 0003 
. 0007 ; . 0006 . 0003 000+ . 0002 
. 0007 . 0005 - 0003 . 0004 - 0002 


The above data are presented as an aid in evaluating the data 


presented inthis repcert. 
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